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Abstract The neutron lifetime is determined for now most
accurately by two methods –the so-called "beam method"
and the method of neutron storage in a trap. The goal of
this research is to obtain the neutron lifetime with a higher
precision by eliminating the traditional systematic errors. A
new feature is extracting the neutron lifetime only from the
set of electron counting rates with their errors. The newly
received neutron lifetime value is
τNT = 883.31± 0.02(stat.)±0.02(sys.) s.
The obtained neutron lifetime is the weighted average of two
lifetimes, defined for different subsets of neutrons providing
the well-known effect of the asymmetry in the neutron β -
decay. Simple calculations predict the values of these life-
times and show their correspondence to the known asym-
metry parameters of neutron decay. The arithmetic mean
(central) value for the two newly introduced neutron life-
times was determined. The resulting weighted value τNT is
in a good agreement with the lifetimes in the first and sec-
ond methods in limits of their double errors, but exceeds
them significantly in precision. In addition, estimates of the
new lifetimes, which are called here as L-neutron lifetime
and R-neutron lifetime, are fulfilled. The estimation results
correspond to the known parameters of the neutron decay
asymmetry.
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Introduction
Measuring the neutron lifetime is a whole epoch in the his-
tory of nuclear physics. This era began in the late 1940s and
consists of two periods. In the first period, the results for
the neutron lifetime exceeded 900 seconds. The so-called
beam method measured a counting rate of protons or elec-
trons from the decay of neutrons n→ p+e−+ ν˜ in a neutron
beam of a nuclear reactor [1], [2], [3]. For the second pe-
riod, typical neutron lifetimes were less than 900 seconds.
During this period, another method of measuring the neu-
tron lifetime becomes the leading one, namely the method of
storing ultracold neutrons in a trap until beta-decay. In 2018,
this method yielded the neutron lifetime equal to 881.5±0.9
s [4]. The most accurate result of the beam method is τn =
887.7± 2.2 s [5]. There were cases of recalculating the re-
sults of the experiments and shifting it from the upper range
of values to the lower one. Herewith, the shift in the esti-
mates of the lifetime significantly exceeded the indicated
experimental errors. In the case of [1] in 1959, the result
was 1013±26 seconds and was reduced in 1978 to the value
of 877± 8 seconds [6] while repeating the basic scheme of
the experiment. In the experiment [3] the result of 1980 was
937± 18 seconds, but 16 years later, the authors published
their result [7] as equal to 889.2± 4.8 s. The averaging out
all the results for the whole mentioned measurement period
without any restriction leads to an average neutron lifetime
of about 900 s.
The beam experiments use the differential decay equa-
tion:
dNd
dt
=
1
τn
· ε×N, (1)
where
dNd
dt
is the counting rate of the decay electron (or pro-
ton) detector, τn is the neutron lifetime, N is the number of
neutrons at time t in some region of the neutron beam, ε
is the total efficiency. The total efficiency includes the ef-
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ficiency of neutron detection by a neutron detector, the ef-
ficiency of collecting electrons (or protons) from the decay
region to the electron (proton) detector, and the efficiency
of their registration by the detector. The most difficult prob-
lem is the exact experimental determination of the number
Nd = (ε×N) on the right side of equation (1), i.e. the num-
ber of neutrons whose decay is in the field of view for the
electron (or proton) detector. The value (ε×N) includes all
sources of systematic errors of the beam method.
A new method for the beam experiments has been de-
veloped in some years. This method excludes necessities to
measure precisely the number of neutrons in the beam, and
eliminates the need to determine the absolute values of the
efficiency components.
1 Variation method of neutron decay scale tuning
Themethod proposed by the author [8] uses a step-wise vari-
ation of the initial number of neutrons passing through a re-
gion controlled by a detector of electrons. The method is
based on a system of differential equations of type (1) for k
steps of neutron numbers:
Rd(i) =
1
τn
×Nd(i), (2)
where Rd(i) is the electron count rate from the detector,
Nd(i) is a number of neutrons seen by the electron detec-
tor at the i-th variation step, i = 1,2,3, · · ·k. The problem
of measuring the number of neutrons is not posed here at
all. At each i-th stage of the neutron number variation the
count rate Rd(i) of the electron detector is measured and,
after multiple iterations, the count rate error σd(i) at each
stage is determined. As a result, an array (Rd(i),σd(i)) with
k lines is formed. To simplify the notation, it is worth elim-
inating the indices d and n in (2). The next step is to repre-
sent an unknown set of neutron numbers Ni by members of
an arithmetic progression Ni ≈ 1µ ×mi with 1µ as a decimal
common difference. The common difference of the required
arithmetic progression is the step of the neutron number
scale that describes the distribution of counting rates with
their errors. The integer mi is the number of the scale divi-
sion corresponding to the neutron numberNi. The parameter
µ , the inverse of the scale step, is called a scale factor or µ-
factor. Then the system of differential equations of decay
has the following form:
τ× (Ri±σi)≈
1
µ
×mi, (3)
where i = 1,2,3, · · ·k, k is the full number of variation steps.
The goal is set as follows. It is necessary to choose an
optimal scale step to describe in the best way the measured
data array of count rates by a certain sample of members of
the obtained arithmetic progression of neutron numbers. The
1
µ scale step uniquely identifies the set of integers mi - the
scale division numbers corresponding to the array of pairs
(Ri,σi) for a given value of τ–trial lifetime. The estimate ℵi
of neutron number Ni is
ℵi = round
[
round [µ · τ ·Ri,0]
µ
, p
]
. (4)
The operator round[C, p] rounds to the nearest number with
p significant digits. The operator round[C,0] means round-
ing C to the nearest integer. The following error functional
is constructed for the required range of τ for different p:
Fµ,p(τ) =
k
∑
i=1
(Ri− 1τ ·ℵi(p,µ ,τ))2
σ2i
. (5)
The scale factor µ0 is to be selected for the best approxi-
mation by the estimate ℵi(p,µ0,τ) for any p. The neutron
lifetime τ0 is determined from the equation
dFµ0,p(τ)
dτ
= 0. (6)
Fig. 1 illustrates the method in the case of integer neutron
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Fig. 1 Description of count rates with integer neutron numbers.
numbers. The figure shows the best correspondence of count
rates to the set of neutron numbers 1, 2, 3, 5 by the straight
line L1. The path AB-BC-CD-DE-EF describes the action
of the operator (4) in the case of the count rate R2 for the
line L2. At the counting rate R3 the operator implements the
trajectory GH-HK-KD-DE-EF. The description of the line
L2 in integers leads to an increase in the error functional by
the deviations FA and GF. Hence a deviation from the opti-
mal line (from L1 to L2) leads to an increase in the approx-
imation error while processing in the same neutron number
scale. The main requirement for obtaining an accurate result
is a high accuracy of counting rate measurements.
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Fig. 2 Electron count rate vs number. Number 1-71.
2 Experimental data
The experimental data of background measurement in the
last ITEP experiment on the magnetic storage of ultra-cold
neutrons (UCN) was used. The backgroundconsisted of elec-
trons generated in the vacuum chamber of the magnetic trap
by the decay of neutrons. Electrons were transported from
the trap to the UCN detector [9]. The proportional gas cham-
ber of the UCN detector operated as an electron detector of
high efficiency. The vertical and horizontal channels of the
reactor with open shutters were sources of thermal, interme-
diate and fast neutrons of the neutron background. The set
of those neutrons penetrating through the walls of the trap
was the generator of decay electrons.
To measure the electron background, a separate long ex-
periment was performed. The low pressure gas detector was
specially optimized for counting electrons emanating from
the magnetic trap. A special absorber was installed into the
trap chamber for eliminating the ultracold neutrons. A vir-
tually complete storage cycle for electrons collected in the
trap from background neutrons was carried out. The elec-
tron counts in the intervals with the magnetic shutter on and
in the drain intervals with the magnetic shutter off were mea-
sured. The counting of the electron background from the
neutron flux through the magnetic trap was an analogue of
the beam experiment. The count of electrons flowing to the
detector from the magnetic trap changed cyclically with the
changes in the set of simultaneously operating neutron chan-
nels of the reactor. The data on background measurements
in the readout intervals of the outgoing electrons were pro-
cessed and shown in the order of growth in Fig. 2–Fig. 4.
The full series of 152 count rates is divided into two series.
There are seventy-one values (“series 71”, S-71) in the first
series (Fig. 2). The most accurate among these values is
6.6667 · 10−3± 6 · 10−7 s−1. In addition, eighty-one values
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Fig. 3 Electron count rate vs number. Number 72-145.
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Fig. 4 Electron count rate vs number. Number 147-151.
formed the second series (“series 81”, S-81) Fig. 3 –Fig. 4.
Out of 81 measurements, for reasons of scale, two points are
not shown:
point number 146 : R = 1.355 ·10−2± 6 ·10−5 s−1
and
point number 152 : R = 3.738 ·10−2± 4 ·10−4 s−1.
There are several steps of the backgroundelectrons in Fig. 2 –
Fig.4. Fig. 4 shows the count of electrons flowing out of
the magnetic trap after opening the magnetic shutter. All re-
sults for different reading-out intervals were received over a
period of more than 100 days. The paper [9] described the
scheme and description of the experimental set-up in more
details.
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3 Decay asymmetry and neutron lifetime
The well-known phenomenon of electron-spin asymmetry
of the neutron beta decay n → p+ e−+ ν˜ reveals itself in
the fact that neutron decays with an electron emitting in the
direction of the neutron spin occur less frequently than neu-
tron decays with an electron emitting against the neutron
spin direction. The neutron decay probability [10] modified
for decay electrons emitting is
dW (Ee,Θe) =W0dEedΘe
(
1+A · ve
c
· cosθe
)
, (7)
where A is the correlation coefficient of the electron emis-
sion with the direction of the neutron spin, θe is an electron
emission angle relative to the direction of the neutron spin,
Θe is a solid angle of electron emission,
ve
c
is an electron
helicity, and W0 is a constant. From numerous experiments
[11] it is known that the coefficient A = −0.1173± 0.0013.
Thus, neutron decays with electron emission in the direc-
tion of the neutron spin and against the spin differ qualita-
tively and quantitatively. The decay asymmetry in case of
a transversely polarized neutron beam is the relative differ-
ence of the electrons emitted in the direction of the neutron
spin and against the direction of the neutron spin. However,
the fact that even with a completely depolarized ensemble of
neutrons, the asymmetry of decay leads to two different fre-
quencies of electron generation in the decay region remains
unnoticed. Nevertheless, the asymmetry of neutron decay is
a phenomenon of existence of two β -decay constants, i.e.
two reduced decay frequencies defined at different subsets
of neutrons. The total set T of neutrons is a sum of two sub-
sets. Those are the subset of L-neutrons with decays by an
electron ejection against the direction of the neutron spin
(L-channel) and the subset of R-neutrons, decaying with the
emission of an electron in the direction of the neutron spin
(R-channel). Hence T = L∪R and the number of neutrons
NT in the total set T is the sum of L-neutrons (L-subset) and
R-neutrons (R-subset): NT = NL +NR. Without loss of gen-
erality the decay constants for these neutron sets are equal
to
λS =
1
NS
· dNS
dt
, (8)
where S = T,L,R. Differentiation of the sum NT in the ex-
pression (8) for S = T with the subsequent insularity of the
partial constants for S = L and S = R leads to the expression:
λT = λL ·WL +λR ·WR. (9)
Here the total decay constant λT has the form of a weighted
average of the partial constants λL and λR. The weights WL
and WR, when use the parallel decay rule [12, p. 344] as
NR
NL
= λRλL are the following relations
WL =
NL
NL +NR
=
λL
λL +λR
, (10.1)
WR =
NR
NL +NR
=
λR
λL +λR
. (10.2)
The lifetime of neutrons in every S-set is τNS =
1
λS
and the
total lifetime on the full set T is equal to τNT =
1
λT
. There-
fore, a record for the total lifetime follows from (9) in the
form of a weighted average value, namely:
τNT = τNL ·WτL + τNR ·WτR, (11)
where the weights for the partial lifetimes receive the fol-
lowing forms:
WτL =
τ2NR
τ2NL + τ
2
NR
, (12.1)
WτR =
τ2NL
τ2NL + τ
2
NR
. (12.2)
The introduced partial decay constants receive the following
dependence on the asymmetry parameter ∆
λL = λ0 · (1+∆), (13.1)
λR = λ0 · (1−∆), (13.2)
where λ0 is the arithmetic mean of the introduced constants,
∆ =A · v¯e
c
, where v¯e
c
is the average helicity of electrons emit-
ted during neutron decay. The average helicity of electrons
can be calculated from the electronic neutron decay spec-
trum, for example, from the results of [13]. The partial life-
times are
τNL = τNCenter · (1−∆), (14.1)
τNR = τNCenter · (1+∆), (14.2)
where τNCenter is a central neutron life time , i.e. the central
point between values of τNL and τNR . The weighted average
decay constant λT is related to the average decay constant
λ0 as follows:
λT = λ0 · (1+∆2). (15)
The total neutron lifetime τNT vs ∆ is
τNT = τNCenter ·
(
1− 2 ·∆
2
1+∆2
)
. (16)
Therefore, the dependence of the error functional (5) on the
trial lifetime is symmetrical with respect to the point τNCenter .
Then the weighted average lifetime according to (16) is to
the left of the center of symmetry. The goal of this study,
therefore, turned out to be two-fold. Firstly, it is a direct de-
termination of an experimental value for the observed neu-
tron lifetime, i.e. the weighted average neutron lifetime. On
the other hand, it became necessary to determine the value
of the “central” neutron lifetime. In the case of a convincing
correspondence between a determined displacement value
and a calculated value (16), it is advisable to introduce new
physical quantities into the physical dictionary – the life-
times of L-neutrons and R-neutrons and to estimate their nu-
merical values using formulas (14.1) and (14.2).
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Fig. 5 Error functional dependence on trial lifetime for S-152.
4 Direct determination of the neutron lifetime from the
experimental data
The interval of the trial lifetime from 860 seconds to 940
seconds is quite informative for solving the given problem.
This interval includes the results of measurements of the
lifetime of the last three decades. To determine the neu-
tron lifetime, it is necessary to find the minimum value of
the scale-factor µ , providing the condition of “reduction-to-
one”. This condition means that the minimum point of the
error functional is the closest to the unity for any data se-
ries in the considered range of the lifetime. The “reduction-
to-one” is applied to the data shown in Fig. 2–Fig. 4 for
various values of the scale step in the indicated range of the
trial neutron lifetime τ . The results of the data processing
are illustrated by Fig. 5–Fig. 7.
Fig. 5 shows the result of the reduction-to-one for the
S-152 series with p = 3. The closest to the unity is the value
of the functional minimum equal to 1.074, corresponding
to the lifetime of 883.305 s for the scale-factor µ = 72.
At the same scale-factor µ , minimums of the functional of
the second, third and fourth orders of accuracy reached a
good agreement. The value for the neutron lifetime is τNT =
(529983± 10) · 1
6
· 10−2 s after using the half-width of the
parabola of the third order functional at height χ2 = 1.2.
Fig. 6 shows the results of the reduction-to-one for the
S-71 (1) and S-81 (2) series separately. The dependence of
the average weighted functional over two series on the life-
time gives the result for the neutron lifetime τNT =(264992±
7) · 1
3
·10−2 s. Thus, the complete result for the neutron life-
time is τNT = 883.31± 0.02 s, 95%, CL.
All these facts prove the following:
a) both independent data series S-71 and S-81 are quali-
tatively homogeneous and describe electrons from the decay
of neutrons without admixture of an additional background;
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b) the results of independent data series S-71 and S-
81 are compatible within statistical errors, reasonably pro-
cessed together and do not require an additional introduction
of a systematic error to describe the consolidated result.
Therefore, the applied method has reached its goal of
eliminating known systematic errors for higher accuracy in
the experimental determination of the neutron lifetime.
Additional studies were made to prove the existence of
a common center of symmetry of the error functional on the
trial lifetime interval from 895 to 905 seconds for all orders
of accuracy p = 0,1,2, · · ·.
Fig. 7 shows results for the scale-factor µ = 72 by de-
pendencies (1)-(3) of error functional Fµ,p(τ): (1) integers
(p = 0); (2) p = 1; (3) p = 2. The coincidence of the mini-
mums of all three orders of the functional on the τ-scale at
the point of 899.975 s, with symmetry of the left and right
wings of the functional shows that this point is the center
of symmetry and confirms the result of [9]. This value can
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serve as an estimate of the so-called “central” neutron life-
time. The symmetry of the coordinates of the jumps of the
functional (3) with respect to this τNCenter = 899.975 s point
also confirms its central position. The dependence of the
functional on the trial lifetime allows determining the value
of the central neutron lifetime with a completely moderate
error τNCenter = (179995± 4) · 5 · 10−3 s. It is important to
emphasize that the error functional in the range of the trial
lifetime of 750-1050 s has only one specified center of sym-
metry for all accuracy level p.
5 Upper limit of a systematic error
As a source of systematic error, a hypothetical difference
between the electrons flowing through the closed magnetic
shutter and the electrons flowing onto the detector through
the open magnetic shutter may appear. If only the electrons
of the first type are presented in the first S-71 series, then in
the second S-81 series there is a fraction of electrons of the
second type providing the maximum values of the counting
rate. The result indicated in Fig. 6 proves that the indepen-
dently obtained lifetime values in these series are mutually
compatible within the statistical error. In the case of func-
tional (1), the result is 883.29± 0.03 s, and in the case of
functional (2), the result is 883.33± 0.03 s. The errors in-
dicated here are equal to the half-width of the parabolas at
the level χ2 = 1.3. It means that the displacement is within
the limits of the statistical errors at 95%CL. Calculation of
the half-sum of these lifetimes and its error gives τNT =
883.31± 0.02 s, and comparison with the result shown in
Fig. 5 confirms complete coincidence. Moreover, the min-
imums of the functional for S-152, µ = 72 at p = 2, p = 3
and p = 4 coincide in those limits altogether.
Nevertheless, the fact that the minimums at the accu-
racy p = 4 shift from 883.29 s for S-71 to 883.33 s for S-81
gives a reason to interpret it due to some unaccounted fac-
tors and to introduce on this basis a systematic error equal
to the half of the bias value. Thus, the estimate of the sys-
tematic error is 0.02 s, and the result for the neutron life-
time as a weighted average is τNT = 883.31± 0.02(stat.)±
0.02(sys.) s, 95%CL. In the same format, the central neu-
tron lifetime has got the following value τNCenter = 899.98±
0.02(stat.)± 0.02(sys.) s.
6 Discussion of the result
In details the previous two results in the introduction are
887.7± 1.2(stat.)± 1.9(syst.) s
for the beam method, and
881.5± 0.7(stat.)± 0.6(syst.) s
for the storage method. Taking into account limits within
double total errors for these two results, it is easy to note the
coincidence of the result of this work with the lower limit for
the first result (883.3 s) and with the upper limit for the sec-
ond result (883.3 s) . Therefore, a good agreement between
these three results, including the presented one, is evident.
It also means that there are no grounds for any conclu-
sions about the so-called "neutron anomaly" as a possible
interpretation of the difference between the two mentioned
results of measuring the neutron lifetime.
A side and unexpected result of the present research is
the above evidence of the difference between the two ob-
tained neutron lifetimes, the first of them is the weighted
average value and the second is the "central" lifetime of neu-
tron. Within the error limits (0.02 s), the obtained value of
the weighted average neutron lifetime in a more convenient
form is
τNT = 900 ·
53
54
s,
while the central lifetime is τNCenter ≈ 900 s within the same
error. The value of the relative shift
δ =
τNCenter− τNT
τNCenter + τNT
is a characteristic of the displacement of the weighted aver-
age lifetime relative to the central lifetime. Then the estimate
of the relative shift is
δ =
1
107
.
The weighted average lifetime is connected with the central
lifetime as
τNT = τNCenter ·
(
1− 2 ·δ
1+ δ
)
. (17)
From (16) δ is interpreted as δ = ∆2. The obtained value
for ∆ = 1√
107
is in a good agreement with A = −0.1173±
0.001 and v¯e
c
= 0.824. This value for the average helicity
is confirmed by the spectrum of electrons from the neutron
decay [13].
Thus, the displacement of the weighted average neutron
lifetime relative to the so-called central lifetime is a con-
sequence of the electron-spin asymmetry of neutron decay.
The main purpose of this research is the direct determina-
tion of the observed neutron lifetime. Nevertheless, it is easy
to predict from the displacement the numerical values for
the lifetime of L-neutrons τNL (14.1) and the lifetime of R-
neutrons τNR (14.2). They are the following:
τNL = (2 ·3 ·5)2 ·
(
1− 1√
107
)
s,
τNR = (2 ·3 ·5)2 ·
(
1+
1√
107
)
s.
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The errors of the indicated values are estimated not exceed-
ing 0.08 s. A direct determination of these parameters of the
neutron β -decay will make it possible in the future to indi-
cate their values more accurately.
Now it is worth noticing that the weighted average of the
mentioned above values of τNL and τNR is in a good agree-
ment with the neutron lifetime obtained in this research from
the experimental data. This can be easily verified using nu-
merical expressions for the lifetime weights of (12.1) and
(12.2), namely:
WτL =
1
2
+
√
107
108
,
WτR =
1
2
−
√
107
108
.
The calculation result by formula (11) gives 883.33 s that
coincides with the experimental result of this work within
±0.01 s.
7 Conclusion
Using the proposed method, the neutron lifetime is deter-
mined with the accuracy of 0.02 s. The system of differ-
ential equations of decay with a step-wise variation of the
number of neutrons turned out to be a sufficient tool for de-
termining the neutron lifetime by the modified least-squares
method. Traditional sources of systematic errors inherent in
the beam method of measuring the neutron lifetime are suc-
cessfully excluded. As a result, the accuracy of the neutron
lifetime is significantly improved. The observed (weighted
average) neutron lifetime obtained in this work is expressed
in primes as
τNT = 2 ·52 ·
53
3
s
within no more than 0.03 s (taking into account the intro-
duced systematic error).
In addition to the main result, estimates of the effect of
splitting the neutron lifetime are obtained. It is indicated that
neutron decay can be described by two lifetimes: L-neutron
lifetime and R-neutron lifetime, differing in the sign of the
scalar product of the electron momentum and the neutron
spin. The estimation results correspond to the known param-
eters of the electron-spin asymmetry of the neutron decay.
This fact provides the grounds for introducing new quan-
tities - L-neutron lifetime and the R-neutron lifetime into
the neutron β -decay physics. The obtained interval of neu-
tron lifetimes from τNL = 813 s to τNR = 987 s gives an ex-
planation of the range of experimental values obtained over
the 70-year history of of the neutron lifetime measurements.
This method opens up the prospect of reducing the neutron
lifetime errors to thousandths of a second.
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